Pressure cell for magnetostrictive measurements by Ostenson, Jerome E. et al.
Ames Laboratory Publications Ames Laboratory
2-1989
Pressure cell for magnetostrictive measurements
Jerome E. Ostenson
Iowa State University
Douglas K. Finnemore
Iowa State University, finnemor@ameslab.gov
David C. Jiles
Iowa State University, dcjiles@iastate.edu
Follow this and additional works at: http://lib.dr.iastate.edu/ameslab_pubs
Part of the Electromagnetics and Photonics Commons, and the Engineering Physics Commons
The complete bibliographic information for this item can be found at http://lib.dr.iastate.edu/
ameslab_pubs/173. For information on how to cite this item, please visit http://lib.dr.iastate.edu/
howtocite.html.
This Article is brought to you for free and open access by the Ames Laboratory at Digital Repository @ Iowa State University. It has been accepted for
inclusion in Ames Laboratory Publications by an authorized administrator of Digital Repository @ Iowa State University. For more information, please
contact digirep@iastate.edu.
Pressure cell for magnetostrictive measurements
J. E. Ostenson, D. K. Finnemore, and D. C. Jiles 
 
Citation: Review of Scientific Instruments 60, 278 (1989); doi: 10.1063/1.1140425 
View online: http://dx.doi.org/10.1063/1.1140425 
View Table of Contents: http://scitation.aip.org/content/aip/journal/rsi/60/2?ver=pdfcov 
Published by the AIP Publishing 
 
Articles you may be interested in 
Pressure measurement at high temperatures in the diamond anvil cell 
J. Appl. Phys. 52, 3772 (1981); 10.1063/1.329841 
 
Viscosity measurements in the diamond anvil pressure cell 
Rev. Sci. Instrum. 49, 1061 (1978); 10.1063/1.1135514 
 
Teflon Cell for High Pressure Superconductivity Measurements 
Rev. Sci. Instrum. 41, 1102 (1970); 10.1063/1.1684712 
 
Null Pressure Optical Cell for Measurements on Liquids at Elevated Temperatures and Pressures 
Rev. Sci. Instrum. 39, 197 (1968); 10.1063/1.1683313 
 
A Glass Wool Cell for Measuring Aqueous Vapor Pressure 
Rev. Sci. Instrum. 4, 345 (1933); 10.1063/1.1749138 
 
 
 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitationnew.aip.org/termsconditions. Downloaded to IP:
129.186.176.91 On: Fri, 22 Aug 2014 23:47:10
0.5 
0.4 • 
0.3 
0.2 
0.1 
0 
-0.1 
-0.2 
-0.3 
-0.4 
0 1 2 3 4 5 6 7 8 9 10 
Fit Limit, eV Above Threshold 
FIG. 1. Intercept error, (tun - t,), plotted vs the extent abovc threshold of 
the linear regression fit, (E-; - t, ), using the data puhlished in Ref. 4. 
small degrees of upward curvature in the cross sections. This 
trend reverses at 4-6 e V above threshold. In the present con-
text the feature of greatest interest is the clear superiority of 
He as a calibrant gas. In this case the linear regression analy-
sis can include data to 8 eV above threshold without incur-
ring any significant systematic error. The next best choice is 
Xe, for which the systematic error remains below 0.07 eV 
out to 7 eV above threshold. The worst choice is argon, for 
which the error increases rapidly with the range of the fit, 
and can exceed 0.3 eV. 
In applying this method for either energy scale calibra-
tion or appearance potential measurements, the cross sec-
tion cannot be assumed a priori to be linear over the required 
range. The user must be satisfied that the experimental data 
has a linear region extending for at least a few times the 
energy spread of the beam, and, having set the linear fit, the 
region of curvature at the "toe" of the appearance curve 
must be consistent with the known energy spread of the elec-
tron beam. If the cross-section behavior were ideal the sec-
ond derivative of the appearance curve would correspond 
exactly to the energy distribution in the beam, reversed on 
the energy scale. Such an analysis requires very good signal-
to-noise ratio in this inherently weak signal region. The sim-
plest approach to this question is to visually compare the 
"unknown" appearance curve to that of He-t or Xe+ ob-
tained with the same electron beam. If the extent of the "toe" 
significantly exceeds that in the reference gas, the real curva-
ture in the cross-section shape must be taken into account, 
requiring a more detailed deconvolution procedure. 
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A pressure cell has been designed to study the magnetostrictive properties of a material as a 
function of both pressure and magnetic field. For changes in length on the order of 2000 ppm, it is 
necessary to have a substantial compliance in the pressure cell to retain a constant stress over the 
length of travel. 
Several new materials having a "giant" magnetostriction 
have recently been developed for use in sonar applications. I 
In the course of developing processing procedures for these 
materials, it was necessary to simultaneously measure both 
the magnetic hysteresis curves (B versus H) and the magne-
tostrictive curves (A versus H) while at the same time main-
taining a constant stress on the sample. The magnetostrictive 
performance of the material changed substantially with 
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many different processing variables so it was necessary to 
develop a fast, reliable, and relatively easy procedure to mea-
sure an of these quantities simultaneously on the same sam-
ple, 2,3 We report here the design of a special pressure cell. 
well suited for applying a uniaxial force during the measure-
ments for routine diagnostic work on any magnetostrictive 
material of this type. 
Basic requirements of the cell are (1) to apply a con-
stant pressure on a sample ranging from 0-14 MPa while the 
length is changing by about 0,2 mm; (2) to measure both 
magnetic induction, B, and the magnetic field, H, as the sam-
ple cycles around a hysteresis loop; and (3) measure the 
magnetostrictive length change, J.., versus H or B. To do this, 
a pressure cell was fabricated using welded metal bellows 
which were47.6mm (q in.) o.d. by 34.9 mm (Ii in,) i.d. as 
shown in Fig. 1. The bellows were soldered between a ferro-
magnetic baseplate adjacent to the magnet pole piece and a 
nonmagnetic end piece adjacent to the sample as shown. 
This nonmagnetic end piece was recessed into the bellows to 
minimize the gap in the magnetic circuit. If the baseplate 
were nonmagnetic, the gap in the magnetic circuit would 
double. Measurements show that this larger gap would give 
a variation in H along the sample of over 6%. With the mag-
netic baseplate on the cell this variation is reduced to about 
2.5% in spite of any distortion of the field due to the nonsym-
metric pole pieces. Welded metal bellows with a very low 
spring constant were chosen to minimize the force coming 
from the bellows itself. A gas cylinder was used to pressurize 
the bellows and thus apply the desired uniaxial stress. In 
paranel with the cell, a volume of 0.44 I' was installed to 
minimize force changes when the sample changed length. 
The magnet pole piece position was adjusted to give approxi. 
mately 1 mm separation between the baseplate and the sam-
ple end piece. The space for the sample was adjustable to any 
desired length. Adjustment of the pole position was made 
with screw threads on the pole piece adjustment mechanism. 
The poles were then locked in place with wedges to eliminate 
pole face 
/ gas line ~ 
FIG. !. Schematic of pressure cell and sample configuration. 
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FIG. 2. (a) Magnetostriction and (b) hysteresis curves for the magneto-
strictive material Terfenol·D. 
any motion of the poles which would introduce spurious 
artifacts in the data. 
Calibration of the cell was made in a standard tensile! 
compression test machine. For this particular cell a gas pres-
sure of 16 kPa gives a uniaxial force of 4. 5 N. The magnetic 
induction (B) was measured by integrating the voltage from 
a 100 turn pickup coil wrapped directly on the sample. The 
magnetic field (H) was determined by a Hall probe which 
was modified to measure B parallel to the sample in air just 
outside the sample surface. Here Bli (outside) = f.loHIl 
(outside) = IloH11 (inside) by the usual boundary condition 
giving fl.li continuity. Some difficulty was encountered in 
keeping the sample ends from chipping since the terfenol 
samples were very brittle. A thin rubber pad on each end of 
the sample proved to be a suitable pressure transmitting me-
dium while minimizing the chipping problem. 
A computer controlled magnet power supply was used 
to slowly cycle through hysteresis loops.4 Values for B, H, 
and A were collected on the third of three cycles around the 
loop. Typical data are shown for A versus Hand B versus H 
in Fig. 2. 
With this apparatus, diagnostic work on a given sample 
takes about an hour. This implies a very fast turn-around 
time on evaluating the magnetic properties of any desired 
material under stress. 
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A multichannel scaler for photon counting is described. Single photon pulses can be collected up 
to rates of 100 MHz during a programmed dwell time and an integration versus time can be done 
for each of the 999 channels on a user-programmable number of successive measurements. A live, 
dynamic display is provided. Data can be easily sent to any computer for recording or to a 
telemetry system for remote transmission. 
In the field of optical active remote sensing of the atmo-
sphere, peculiar instrumentation has to be used to detect 
very low level light echoes. In particular, for vertical sound-
ing (light detection and ranging) (LIDAR) applications, 
dynamics of the received optical echoes are very high, decay-
ing in magnitude according to the exponential-like distribu-
tion of the atmospheric density versus height and the inverse 
square power of the latter. For this reason, the received sig-
nal changes from analogical to the single photon regime at 
ranges Longer than 35-40 km, and a photon counting system 
v 
P D P D P N P I 0 I 
R E R W R G R N A D 0 L 0 E 0 0 T C E 
G A G L G A G E 0 
Y L T G 
E R R 
S D. E H 
A G 0 
T I S 
A S T CONTROL LOGIC T 
FIG. 1. Integrating multichannel scaler block diagram. 
is required. 1.2 Other instruments had been developed by dif-
ferent researchers for single photon counting. 3- 5 In this con-
text, the multichannel scaler, described in this note, was de-
veloped at the end of 1987 to improve the performance of a 
LIDAR system working at Frascati laboratories for study-
ing the structure and dynamics of the middle atmosphere6,7; 
later, some IBM PC and CAMAC boards became available 
for that purpose. 
A block diagram of the multichannel scaler is shown in 
Fig. 1. It consists in a programmable delay generator after 
which a fast 16 bit counter is enabled to count for all the 
dwell times set by the programmable width gate generator. 
A programmable number of gates defines the atmospheric 
layers to examine and, at any end of each gate, data are 
stored and added at the RAM memory data words relative to 
the same atmospheric layer. The new result replaces the old 
one in the memory and is sent to a D I A converter to get a live 
display too. Any integration needs about 1 f..ls. 
Besides the specific reason for which the instrument has 
been conceived, it can be used in all those experiments in 
which a measurement versus time of any event is necessary. 
Its flexibility and its self-consistency make it suitable mainly 
for measurements in "remote" conditions, being thoroughly 
user programmable in all its features, such as delay time 
from trigger, number of successive temporal gates during 
which pulses are stored, gate width, and number of the mea-
surements to be integrated in real time. Its very simple hand-
TABLE I. Multichannel scaler's salient features. 
Count rate 
l'rogrammable delay 
Dwell time 
Gate number 
Integration number 
Time lag between gates 
up to 100 MHz 
up to 999 f1.s 
up to 99.9 f.ls (min step 1 f1.s) 
up to 999 
up to 9999 
min 50 ns 
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